Objective: Injuries by mole guns differ from other firearm injuries primarily because they are close-range, low-energy injuries that are highly contaminated owing to contact with contaminated surfaces and the presence of numerous residual foreign bodies within the wound. The aim of this article is to share our surgical experience regarding the repair of severe hand injuries caused by mole guns.
INTRODUCTION
A mole gun is a simple but effective firearm long used by farmers and agricultural workers to kill animals such as moles. This weapon has a sensitive trigger mechanism and it works by rapid, high-velocity ejection of buckshot from the barrel after gunpowder ignition. 1, 2 In hand injuries caused by mole guns, the victims inadvertently suppose that the gun has already fired and are injured by the shot when they handle the gun because of an overly sensitive trigger mechanism. Hand injuries caused by mole guns are characterized by large tissue defects. Moreover, this dangerous weapon leads to both functional and structural dysfunction of the hand. Hand reconstruction following these injuries is particularly difficult, requiring multiple operations at considerable cost. 3 Injuries by mole guns differ from other firearm injuries primarily because they are close-range, low-energy injuries that are highly contaminated owing to contact with contaminated surfaces and the presence of numerous residual foreign bodies within the wound. Reconstruction of these injuries involves time-consuming, multi-staged procedures often with unsatisfactory results. The aim of this article is to share our surgical experience regarding the repair of such severe hand injuries.
MATERIAL AND METHODS
The study was conducted in compliance with the Helsinki Declaration and after informed consent was obtained from every patient. This retrospective study included 11 patients (eight males and three females; average age: 42.5 years; range: 23 to 70 years) with hand injuries. All injuries were inadvertent self-inflicted gunshot wounds from very close range while handling a mole gun.
Data obtained about the patients, including age, gender, dominant or non-dominant hand, and injuries to all vital structures, were assessed, categorized, and recorded. All hand injuries had an entry point on the palmar surface and an exit point on the dorsal surface accompanied by tendon, vessel, nerve, bone, and soft tissue injuries, and skin defects of various sizes (Figure 1-3) Nine patients had right hand injuries and two had left hand injuries. Eight patients were injured in the dominant hand. The injured patients were first assessed in the emergency department. Because all wounds presented contaminated blast injuries, their management in the emergency department included careful irrigation and debridement in order to remove necrotic material. Wounds were closed with a single layer of nitrofurazone and rifampicin-containing gauze. All patients received appropriately positioned splints to maintain stability and preserve circulation. None of the patients had circulatory complications. Because all wounds were considered contaminated, parenteral broad-spectrum first-generation cephalosporin and metronidazole treatment was begun. Initial care was followed by surgical reconstruction during the acute period. All patients received their initial operation within 24 to 72 hours (average: 42 hours) of the gunshot wound.
RESULTS
Nine patients had defects in one or several common digital branches of the median nerve in areas ranging from the dis- tal part of the carpal tunnel to the distal palmar crease. One patient had defects involving the sensory branches of both ulnar and median nerves. One patient had no nerve injury. The patient data are summarized in Table I .
Autologous iliac bone graft was harvested and fixed with a plate-screw to reconstruct bone defects. Functional arthrodesis (with plate-screw of the bone graft) was applied to carpometacarpal joint defects in five patients. Functional arthrodesis with plate-screw was applied for defects in the 4 th and 5 th metacarpal bones, carpal bones, and the distal ulna in one patient. In the remaining patients, defects in the mid-neck region of the metacarpal bone were repaired with bone graft using plate-screw.
The palmaris longus tendon was generally used for reconstruction of tendon defects. The flexor digitorum superficialis tendon of the fourth finger (which is conventionally used for tendon transfer) was not preferred because it was defective or injured in these patients. In patients having no palmaris longus tendon, the plantaris tendon was used as the donor tendon. Because one patient lacked the palmaris longus and plantaris tendons, the extensor tendon of the 3 rd toe was used. That patient was re-operated on the 6 th day post injury due to tendon rupture, which was reconstructed using a fascia lata tendon graft.
Sural nerve graft was used for the reconstruction of median and ulnar nerve defects. In postoperative 6 th month, repeat intra-operative examination of five patients revealed that the nerve grafts remained in excessively fibrotic tissues, and thus neurolysis procedure was performed, which proved unsatisfactory.
Reconstruction of soft tissue and skin defects was carried out with an interpolation flap planned from the random-based subpectoral-paraumbilical region in five patients, a SCIAbased groin flap in four patients, a reverse-radial forearm flap ( Figure 4 ) in one patient, and an adipofascial flap planned from the forearm in one patient. None of the patients experienced a problem regarding flap circulation, and no flaps were lost. Reconstruction with a free flap was not planned in any of these patients owing to the high probability of diffuse endothelial injury-thrombus because the recipient vessels were in the injury zone. Furthermore, reconstruction of the defective region with a more reliable flap together with early physiotherapy hastened return to work. Due to strict adherence to the rules of urgent debridement and administration of parenteral wide-spectrum antibiotics, none of our patients has suffered an infection to date.
DISCUSSION
Injuries by a mole gun are low-energy injuries, but they differ from other firearm injuries in that they occur at closerange and are contaminated wounds. [1] [2] [3] [4] The most import- ant feature of mole gun injuries is the high rate of tendon, nerve, bone, and extensive soft tissue-skin defects as a result of the close-range nature of the injury. 5 After such an injury, multi-stage reconstruction is needed to regain hand functionality.
All patients in our clinic underwent surgery within 72 hours of their injury. All fractures were repaired with plate and screw, while bony defects were repaired using bone grafts in the same session. Although delayed graft applications are preferable in contaminated wounds, intensive and effective antibiotic use along with early use of bone grafting in the same operative session prevented infection and bone loss. Furthermore, coupled with early physiotherapy, this method proved beneficial in ensuring the patient's early return to normal lifestyle. 6 In this study, reconstruction of bone and soft tissue defects was performed much earlier than in previous studies. 1, 3 In addition, bone, tendon, nerve, and soft tissue-skin defects were repaired in the same operative session. Although injuries to a substantial number of significant structures of the hand produce unsatisfactory results to some extent, performing appropriate reconstructive steps in the shortest time period is of utmost importance.
Reconstruction using a free flap was not planned in any of the patients, since their injuries were blast and burn injuries that involved the vessels of the recipient region. In addition, because the region was subjected to high-energy trauma, there was diffuse endothelial injury with a high probability of thrombus formation due to severe edema that developed on the 2 nd day. Local flaps and interpolation flaps are preferred for repair of skin and soft tissue defects, because they are felt to be safer. 7 No complications developed in patients in whom local and interpolation flaps were applied. A delay procedure (beginning on the 9 th day) was performed in patients receiving an interpolation flap, and the flaps were detached on the 15 th day.
In summary, our treatment protocol for mole gun injuries includes urgent surgical debridement and administration of parenteral broad-spectrum antibiotics due to the contaminated nature of these wounds. They usually occur in persons working in farms, fields, or gardens in rural areas. Victims sometimes suffer irreversible disabilities and may need longterm rehabilitation. Moreover, severe infections may result owing to the contaminated nature of these injuries. Therefore, urgent irrigation of the wound, and debridement of all necrotic tissue, buckshot, and foreign and contaminated objects is critical in preventing infections before proceeding with reconstruction. 8, 9 Patients usually undergo surgery within 72 hours for closure of bone, tendon, nerve, and soft tissue-skin defects. Repair of all available defects is completed in the same session, and the patients are admitted to hospital for a prolonged period (usually 21 days) and receive active and passive exercise programs, paraffin baths, hot and cold baths, and anti-edema therapy. This is followed by active and passive exercise programs at home for three months.
CONCLUSION
Injuries by mole gun are characterized by severe hand injuries that differ from other firearm injuries primarily because they are close-range, low-energy injuries that are highly contaminated. Such injuries typically affect all structures of the hand, and repair procedures involve every anatomic structure of the hand. An early and effective surgical operation followed by prolonged and effective physical therapy protocols is vital for regaining the full spectrum of hand functions.
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